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ABSTRACT 
 
Fire design is an essential element of the overall design procedure of structural 
steel members and systems. Conventionally the fire rating of load-bearing stud wall 
systems made of light gauge steel frames (LSF) is based on approximate 
prescriptive methods developed on the basis of limited fire tests. This design is 
limited to standard wall configurations used by the industry. Increased fire rating is 
provided simply by adding more plasterboards to the stud walls. This is not an 
acceptable situation as it not only inhibits innovation and structural and cost 
efficiencies but also casts doubt over the fire safety of LSF stud wall systems. 
Hence a detailed fire research study into the performance and effectiveness of a 
recently developed innovative composite panel wall system was undertaken at 
Queensland University of Technology (QUT) using both full scale fire tests and 
numerical studies. Experimental results of LSF walls using the new composite 
panels under axial compression load have shown the improvement in fire 
performance and fire resistance rating.   
This paper presents the results of experimental investigations into the structural 
and fire behaviour of light gauge steel stud walls protected by the new composite 
panel. It demonstrates the improvements provided by the new composite panel 
system in comparison to traditional wall systems. The numerical validation of these 
test results is also presented in this paper. Numerical analyses were undertaken 
using the finite element program ABAQUS. Measured temperature profiles of the 
studs were used in the numerical models and the numerical analysis results were 
used to calibrate against full scale fire test results. 
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INTRODUCTION 
 
The commonly used Light Gauge Steel Framing (LSF) load bearing stud wall 
systems are made of cold-formed thin-walled steel lipped channels. However, under 
fire conditions, these thin-walled steel sections heat up quickly resulting in fast 
reduction in their strength and stiffness. Innovative fire protection systems are 
therefore essential without simply adding on more plasterboards, which is 
inefficient. According to Feng et al. [1], the cavity insulation was found to be 
improving the fire resistance of steel stud wall panels. However, in the studies of 
Kodur and Sultan [2] and Alfawickhari [3], LSF wall assemblies without cavity 
insulation provided higher fire resistance compared to cavity insulated assemblies. 
Full scale tests were also undertaken by others [4-6] to investigate the behaviour of 
stud wall systems. Recently Kolarkar and Mahendran [7] developed a new 
composite panel system (Figure 1), where the insulation was placed outside the 
steel frame. They found that the fire resistance of LSF walls improved considerably. 
However, their study was limited to fire tests with a load ratio of 0.2. Hence a 
further experimental study was undertaken with higher load ratios and the results 
were validated using finite element analyses. This paper presents the details of the 
experimental and numerical studies, which were carried out to investigate the 
thermal and structural performance of load bearing steel stud wall assemblies using 
the new composite panel system under different load ratios. Experimental results 
are presented along with stud failure times, modes and temperatures. Details of the 
development and validation of the finite element model are also presented. 
 
 
TEST SPECIMENS 
 
Three test LSF wall specimens were built and tested with 25 mm thick 
insulation sandwiched between two plasterboards on both sides of the steel wall 
frame [7]. Table I gives the details of the three full scale load bearing test wall 
specimens (2400 mm x 2100 mm) used in this study. Four studs of lipped channel 
sections (90 x 40 x 15 x 1.15 mm) were used at a spacing of 600 mm. These studs 
were attached to the top and bottom tracks made of unlipped channel sections (92 x 
50 x 1.15 mm). All the studs and tracks used were fabricated from galvanized steel 
sheets having a nominal base metal thickness of 1.15 mm and a minimum specified 
yield strength of 500 MPa. The plasterboards with a thickness of 16 mm were used, 
which are manufactured by Boral Plasterboard under the name of Fire-stop [8]. 
 
 
 
 
 
 
 
 
 
Figure 1. LSF stud walls using the new composite panel. Ins. - Insulation, Pb - Plasterboard 
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TABLE I: DETAILS OF TEST SPECIMEN CONFIGURATIONS 
       Test                     Load Ratio                External Insulation 
          1                    0.2 (15kN/stud)                   Glass Fibre    
          2                    0.4 (30kN/stud)                   Glass Fibre 
          3                    0.4 (30kN/stud)                   Rock Fibre 
 
 
TEST SET-UP AND PROCEDURE 
 
The loading frame was used to load the individual studs at concentrically using 
four jacks connected to a single hydraulic pump (see Figure 2). The target load was 
applied first and maintained throughout the fire test in order to allow the free 
vertical expansion of the wall. A propane fired gas furnace was used to expose one 
side of the wall to the standard temperature-time fire curve in accordance with 
AS1530.4 [9] until failure. Many Linear Variable Displacement Transducers 
(LVDT) were used in order to measure the out-of-plane movements and axial 
shortening of the wall specimen during the test. K type thermocouples were used to 
measure the temperature development across the steel stud walls. 
 
 
TEST OBSERVATIONS AND RESULTS 
 
All the test wall specimen failures were due to the structural collapse of studs 
before any insulation or integration failure occurred. From the beginning of the fire 
test, the wall specimens were observed to be bending towards the furnace. 
However, near the failure, the lateral deflection of Test Specimens 1 and 2 started to 
reverse its direction and finally the studs bent outwards and away from the furnace, 
resulting in the breaking of plasterboards. On the other hand Test Specimen 3 
continued to bend until the failure and resulted in failing towards the furnace. The 
exposed plasterboards were stripped off and the debris removed to expose the frame 
(see Figure 3). The local buckling waves along the studs were observed and it 
confirmed the occurrence of local buckling of studs before the ultimate failure.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Test Specimen before testing 
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Figure 3. Test Specimen 3 after test: (a) partial collapse of exposed plasterboards, (b) frame after 
removing debris 
 
 
Table II gives the fire resistance ratings (in minutes) of the load bearing LSF 
wall specimens tested under a constant axial compression load during the fire tests 
in this study (Tests 1 - 3). It also includes the results of some of the tests conducted 
by Kolarkar [10] for the purposes of comparison (Tests 1* - 4*). The results 
confirm the superior performance of LSF walls using external insulation over cavity 
insulation. For example, Test 1* gave higher fire ratings than Tests 2* and 3*, 
where the insulation was placed inside the cavity. On the other hand Tests 1 and 4* 
gave about 20 % increase in fire rating compared to Tests 2* and 3*, respectively at 
a load ratio of 0.2.  
Tests 1 and 2 were identical except for the applied load. The temperature 
profiles of the studs for Tests 1 and 2 were very similar as expected with a 
negligibly small time lag. However, the failure temperatures of the studs were 
higher for Test 1 compared to Test 2 since the first specimen was exposed to a 
lower applied load.  
The only difference between Test Specimens 2 and 3 was the type of insulation 
used. In Test Specimen 3 rock fibre was used instead of glass fibre as in Test 
Specimen 2. The temperature profiles across the studs were similar in shape. 
However, a time delay of 25 minutes was observed between them resulting in 
increased fire resistance rating for Test Specimen 3. At failure the temperatures 
across the studs were nearly the same for Test Specimens 2 and 3, since the studs in 
both tests were stressed to the same level by the applied load of 30 kN.  
 
Stud Temperatures and Failures 
 
Table III, gives the comparison of the temperature values of the central studs at 
the end of the test for the current study. In all three tests, the studs that had vertical 
plasterboard joint was subjected to more heat flow due to the opening up of joints in 
plasterboards. Hence their temperatures (Stud 3 in Tests 1 and 2, and Stud 2 in Test 
3) were higher than those of other studs and thus the wall failure was also 
influenced and initiated by these studs. The hot flange failure temperatures of these 
studs were very close to each other (i.e. 554 and 556°C). For these studs the 
temperature differences between hot and cold flanges were 168 and 124°C, 
respectively. This may mean that stud failure was mostly governed by the 
(maximum) hot flange temperature than the temperature difference between hot and 
cold flanges. Hence we can conclude that structurally similar wall panels will fail 
once their studs reach a particular temperature and the fire resistance can be 
increased only by delaying the maximum temperature in the studs. This was 
confirmed by the increase in fire resistance time in Test 3, which was achieved by 
the delay in temperature rise on studs due to the use of better insulation. 
 
Plasterboard Performance 
 
Lateral restraint provided by plasterboard plays a significant role in the design 
of LSF stud walls. The minimum temperature difference between the faces of 
plasterboard attached to studs was 500°C until failure. Lateral or torsional buckling 
failure modes of studs were also not observed in the tests. This may suggest that 
this plasterboard (Pb2 shown in Figure 1) did not fully calcinate to lose its ability to 
provide lateral restraint until failure. Hence in the numerical modelling of LSF 
walls tested in this study, lateral restraint provided by plasterboards could be 
considered for both (hot side and cold side) flanges of the studs until failure. 
 
 
TABLE II: STRUCTURAL RESPONSE OF TEST SPECIMENS 
 Test          Configuration           Insulation       Insulation       Load        Failure Time  
                                                        Type              Location        Ratio            (min.) 
       
    1                                            Glass Fibre          External           0.2                118 
   
    2                                            Glass Fibre          External           0.4                108 
                                                              
    3                                            Rock Fibre           External           0.4                134   
 
    1*                                               None                    -                  0.2                111 
 
    2*                                      Glass Fibre           Cavity             0.2                101 
                                                              
    3*                                          Rock Fibre            Cavity             0.2                107              
                                                              
    4*                                          Rock Fibre           External           0.2                136              
                 
(*) - Tests conducted by Kolarkar [10] 
 
 
TABLE III: THERMAL RESPONSE OF TEST SPECIMENS IN THE CURRENT STUDY 
                                                       Test 1                    Test 2                  Test 3 
                                                Stud 2   Stud 3     Stud 2   Stud 3    Stud 2   Stud 3 
Hot Flange Temperature (oC)     582        664          505        554         556        523 
Cold Flange Temperature (oC)   491        490          371        386         432        420 
 
 
 
 
 
FINITE ELEMENT MODELLING 
 
This section presents the details of the development and validation of finite 
element models of LSF studs under fire conditions using ABAQUS. Based on past 
research results, an isolated stud with appropriate loading and boundary conditions 
was considered to simulate LSF stud walls. In the finite element model of studs, the 
element type S4R was used with a mesh size of 4mm x 4mm. The load was applied 
at the geometric centre of the cross-section of the stud while pinned end support 
conditions were used with translation restraints of the stud at every 300 mm. The 
lateral restraint provided by the plasterboards was considered for both flanges as per 
the studies of [6,11,12]. The non-uniform temperature field in the cross-section of a 
column was simplified by assuming uniform temperatures in the flanges and lips on 
both the hot and cold sides, and a linear temperature distribution in the web. The 
material properties were defined as a function of temperature and the temperatures 
were defined as a boundary condition. The reduction factors for yield stress and 
elastic modulus were obtained from a previous study at QUT [13].  
The initial geometric imperfection values used in the previous studies varied 
among the past studies. Both local and global initial imperfections were included in 
[11]. On the other hand an imperfection amplitude value of 1 mm and L/1000 were 
used in the studies of [6] and [12], respectively. However, due to the dominance of 
thermal bowing the effect of initial imperfection does not have any significant 
effect on the behaviour of LSF studs at elevated temperature. Hence, a value of 
b/150 was used in this model after considering the modes from the bifurcation 
buckling analysis of LSF studs at ambient condition. At higher temperatures, the 
effect of residual stresses is also negligible. Therefore it was neglected in this model 
as per past researches. The finite element modelling was performed under dynamic 
condition where the stud was first subjected to pre-determined axial loads and then 
it was exposed to the measured temperature profiles. Each finite element analysis 
was performed in eleven steps. The first step was an eigen buckling analysis at 
ambient condition, in which the buckling modes were obtained and the deformed 
profile of the lowest buckling mode was used to determine the stud initial 
imperfection. Nonlinear analyses were then performed for the remaining steps with 
Riks-off method. In the second step, the load was applied incrementally up to the 
target level. Temperature was then applied one after the other in the remaining steps 
to follow the measured temperature profiles until failure. 
 
Validation of Finite Element Models 
 
The accuracy of the developed finite element models was validated using the 
failure modes, failure time and deformation curves obtained from the full scale fire 
tests. Table IV confirms the failure time obtained by both experiments and FEA. 
Figure 4 shows the failure mode of the stud where the local buckling waves and 
bending about the major axis were observed. The temperature profiles used in the 
numerical analyses based on fire test results are shown in Figure 5(a). Figures 5(b) 
and 5(c) show the close agreement of the deflection curves between tests and FEA. 
The agreement of these curves is very good compared to the previous numerical 
studies of LSF walls at fire conditions. Further improvements are currently being 
considered and used in the finite element models reported in this paper. 
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TABLE IV: FAILURE TIMES FROM EXPERIMENTS AND FINITE ELEMENT ANALYSES 
                                                   Test 1                   Test 2                     Test 3 
                                          Stud 2   Stud 3     Stud 2   Stud 3     Stud 2   Stud 3 
Failure Time Exp. (min.)     118        118          108        108         134        134 
Failure Time FEA (min.)      118        115          107        111         133        136 
 
 
 
Figure 4. Failure mode of Stud 2 of Test Specimen 3: (a) experiment, (b) FEA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Results of Test Specimen 3: (a) measured and assumed section temperature distributions in 
numerical simulation, (b) lateral deflection plots obtained from experiment and FEA, (c) axial 
deformation plots obtained from experiment and FEA. HF - Hot Flange, CF - Cold Flange 
(a)
(b)
(c)
CONCLUSIONS 
 
This paper has described an experimental study of the thermal and structural 
performance of cold-formed steel stud wall systems used as load-bearing walls. 
This study has confirmed that the use of external insulation increases the fire 
resistance of LSF walls significantly even at higher loads. Details of fire tests 
results are presented and discussed. Also the plasterboard performance and its 
resistance to provide lateral restraint are discussed. The numerical models were 
developed and validated to fully understand the improvements offered by the new 
composite system and to confirm the fire test observations. The use of accurate 
numerical models as described above allowed the inclusion of various complex 
thermal and structural effects such as thermal bowing, local buckling and material 
deterioration at elevated temperatures. 
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